INTRODUCTION
Usefulness of fecal calprotectin by monoclonal antibody testing in adult Japanese with inflammatory bowel diseases: a prospective multicenter study Shiro Nakamura , Takako Miyazaki 1, 7 , Hirohito Honda 8 , Kenji Watanabe 1, 7 , Hiroshi Nakase 4, 9 , Akira Andoh noscopy in patients with IBD is inconvenient, invasive, and carries the risk of procedure-related complications. Colonoscopic procedures may also deteriorate the disease condition, even when IBD patients are in remission. 9 Alternative noninvasive methods to objectively assess disease activity or predict mucosal status are thus required to optimize medical treatment strategies. Several recently identified fecal biomarkers may facilitate the differential diagnosis of IBD and IBS, and healthy bowel. 10 Calprotectin, a zinc-binding and calcium-binding heterodimer of 36.5 kDa that belongs to the S100 family, is one of the most promising fecal biomarkers of inflammation in the intestinal tract. [10] [11] [12] [13] Calprotectin is present on the surface of monocytes and macrophages, assisting in their recruitment to the site of inflammation. [11] [12] [13] Because monocytes and macrophages are major sources of inflammatory cytokines and chemokines, they are suspected to have roles in the initiation and perpetuation of IBD. [11] [12] [13] Calprotectin also has antimicrobial effects against Escherichia coli, Klebsiella sp., Staphylococcus aureus, and fungus, and is considered to defend against inflammation and bacterial infection in the intestinal tract. 10, 13 Fecal calprotectin (FCP) levels reflect the degree of gut inflammation according to the quantity of infiltrating inflammatory cells. 10, 13 Numerous Western investigators report increased FCP levels in patients with IBD, and the association of FCP with disease severity. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Limited data are available, however, regarding the usefulness of FCP measurements for Asian adults with UC or CD compared with healthy controls (HCs) during the same period in a prospective multicenter trial. [27] [28] [29] [30] The genetic background of IBD differs between Asian patients and Western patients. 31 Therefore, investigation usefulness of FCP measurements in Japanese IBD patients as Asian IBD patients is clinically meaningful. While several kits for measuring FCP levels have recently appeared in the clinical setting, there is an urgent need to verify their accuracy. A previous study reported the predictive superiority of monoclonal testing of calprotectin compared to polyclonal testing, but their study subjects were Western patients. 32 There are only 2 published studies by one investigator focusing on monoclonal antibody testing for FCP, however, in pediatric Japanese patients with IBD, 33, 34 and FCP levels differ between healthy children and adults. 35 The aim of the present study was to evaluate the usefulness of FCP measurements for both UC and CD patients compared with HCs in a prospective multicenter trial, focusing primarily on the usefulness of reliable testing method using a monoclonal antibody for FCP measurement in adult Japanese IBD patients.
METHODS

Study Design and Patient Eligibility
This study was a prospective multicenter cooperative observational study. Similarly, for CD patients, those with CDAI <150 points were defined as having inactive CD and others were defined as having active CD. 7 We examined the relationship between FCP levels and disease activity in UC and CD patients. All UC patients, all HCs, and some of CD patients underwent full colonoscopy with confirmed absence of inflammatory lesions, as well as esophagogastroduodenoscopy with confirmed absence of tumors and ulcers. The presence or absence of abdominal symptoms was also reported. Subjects with abdominal symptoms such as bowel movement abnormalities, abdominal pain, abdominal discomfort, diarrhea, and constipation were defined as the positive abdominal symptom group (PASG) and others were defined as the negative abdominal symptom group (NASG). The ethics committee at each participating facility approved this study protocol, which strictly adhered to all provisions of the Declaration of Helsinki. 32 In brief, measurement of FCP levels is based on sandwich enzyme immunoassay using a monoclonal antibody. FCP levels are calculated by measuring the absorbance with a spectrophotometer. Measurement of FCP in all fecal samples was performed at Sanyo Chemical Industries, Ltd., Japan, which commercialized the Calprotectin ELISA kit.
Measurement of FCP
Statistical Analysis
Continuous parameters were compared by an unpaired ttest or Mann-Whitney U-test as applicable. The relation between FCP levels and disease severity was calculated based on Spearman' s rank correlation coefficient r s . In continuous parameters, receiver operating characteristics (ROC) curve analysis was conducted to set the optimal cutoff point. The cutoff points were determined when the sum of sensitivity and specificity peaked (the best Youden index). Area under the ROC (AUC) was also calculated. Because FCP levels had logarithmic distributions, log10 (FCP level) was used for analysis. Data are shown as the median value (range) unless otherwise mentioned. Statistical significance was set at P<0.05. Statistical analysis was performed with JMP 13 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Baseline Characteristics
Baseline characteristics are shown in Table 1 . The analysis included 64 HCs, 64 subjects with UC, and 46 subjects with CD. The median DAI score for UC patients was 3 (range, 0-12). Active UC patients comprised 57.8% (37/64) of all the UC patients. The median CDAI for CD patients was 123.2 (range, 17-380). Active CD patients comprised 39.1% (Fig. 1) . The difference in the FCP level between UC and CD patients was not significant (P=0.1393) (Fig. 1) . With regard to disease extent as defined by the Montreal classification for UC patients, 6 patients had E1 involvement (ulcerative proctitis), 25 had E2 involvement (left-sided UC), 29 had E3 involvement (extensive UC), and 4 had other involvement. 37 As for disease extent as defined by the Montreal classification for CD patients, 16 patients had L1 (ileum) involvement, 6 had L2 (colon) involvement, 22 had L3 (ileocolon) involvement, and 2 had some other involvement.
FCP Levels in UC Patients
FCP levels in UC patients strongly correlated with the DAI score (r s =0.676, P<0.0001) and MES (r s =0.677, P<0.0001) (Fig.  2) . FCP levels in the inactive UC group (n=27) ranged from 6.7 to 1,735.4 μg/g (median, 72.7 μg/g), while FCP levels in the active UC group (n=37) ranged from 34.2 to 24,422.1 μg/ g (median, 798.1 μg/g) (P<0.0001) (Fig. 3) . Even in the inactive UC group, FCP levels were significantly higher than in HCs (n=64), ranging from 6.7 to 1,735.4 μg/g (median, 72.7 μg/g; P=0.0068). FCP levels were significantly higher in active E2 or E3 pa- Disease Activity Index www.irjournal.org tients than in inactive UC patients (P=0.0004, P<0.0001), but they were not significantly higher in active E1 patients than in inactive UC patients (P=0.557).
1) Discriminative Ability between Inactive UC and
Active UC In terms of discriminative ability between inactive UC and active UC, the AUC was 0.845 (cutoff value=161.3 μg/g, sensitivity=89.2%, specificity=63.0%). Table 2 . In particular, the AUC between MES 1 and 2 was 0.842 (optimal cutoff value=261.4 μg/g, sensitivity=94.1%, specificity=68.8%), suggesting the usefulness of FCP for discrimination between these 2 stages. While the AUC between MES 0 and 1 was 0.578 (optimal cutoff value=34.2 μg/g, sensitivity=93.8%, specificity=30.0%). (Fig. 4A) . For all CD patients, CDAI tended to correlate with the FCP level (r s =0.283, P=0.0565) (Fig. 4B) . FCP levels ranged from 15.3 to 6,911.8 μg/g (median, 292.1 μg/g) in CD patients with mild activity and from 36.9 to 5,102.2 μg/g (median, 1,585.7 μg/g) in CD patients with moderate to severe activity (P=0.4002).
2) Discriminative Ability between Each Adjacent Stage as Assessed by MES
Results for discriminative ability between each adjacent stage as assessed by MES are presented in
FCP Levels in CD Patients
FCP levels did not differ significantly between patients with inactive CD and patients with active L1 involvement (P =0.2587), active L2 involvement (P =0.1575), or active L3 involvement (P =0.3200), probably because of the small number of participants.
In terms of discriminative ability between inactive CD and active CD, the AUC was 0.643 (cutoff value=934.3 μg/g, sensitivity=44.4%, specificity=89.3%).
Relationship between Laboratory Parameters and FCP Levels in UC and CD Patients
In UC patients, white blood cell count, hemoglobin, platelet count, total protein, serum albumin, CRP and ESR significantly correlated with the FCP level. In CD patients, platelet count, albumin, CRP, and ESR significantly correlated with the FCP level. The corresponding r s values and P-values are shown in Table 3 .
FCP Levels in HCs According to the Presence or
Absence of Abdominal Symptoms The median FCP level in the PASG (29.6 μg/g; range, 4.7-280.5 μg/g; n=21) was not significantly higher than that in the NASG (55.0 μg/g; range, 2.8-568.3 μg/g; n=43) (P=0.208).
DISCUSSION
The findings of the present study confirmed the usefulness of FCP measurements for adult Japanese patients with IBD. We revealed that FCP levels correlated well with the DAI score in UC subjects (r s =0.676, P<0.0001) and tended to correlate with the CDAI in CD subjects (r s =0.283, P=0.0565). Consistent with previous reports, FCP levels well discriminated between active and inactive UC (optimal cutoff point=161.3 μg/g, AUC=0.845) and active and inactive CD (optimal cutoff point=934.3 μg/g, AUC=0.643), and numerous laboratory parameters (platelet count, albumin, CRP and ESR). [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] The lack of a significant difference in FCP levels (P=0.1393) between patients with UC and CD may be due to differences in their disease severities (57.8% [37/64] A recent clinicians' guide to the use of FCP for identifying and monitoring disease activity in IBD patients recommends the following: (1) In patients with FCP levels <50-100 µg/g, quiescent disease is likely and continuation of current therapy is recommended; (2) In patients with FCP levels >100-250 µg/g, inflammation is possible and further examination such as colonoscopy is needed to identify inflammatory lesions; (3) In patients with FCP levels >250 µg/g, active inflammatory lesions are likely and therapies to regulate inflammation should be considered. 24 These recommendations are based on data of Western IBD patients. 24 Based on the optimal cutoff points determined in the present study, these recommendations are well validated in adult Japanese IBD patients. Discrimination between inactive and active IBD is highly important clinically. Noteworthy is that in UC patients with FCP levels <50 µg/g (judged as quiescent disease), one patient had an elevated DAI score (5 points) and the Montreal classification in this case was E1 (ulcerative proctitis). In UC patients with a limited disease extent, however, lower FCP levels do not always suggest quiescent disease. In fact, FCP levels were significantly higher in patients with active E2 or E3 involvement than in those with inactive UC, but not higher in patients with active E1 involvement compared with those with inactive UC in the present study. In our study, the FCP levels widely ranged from 6.7 to 24,422.1 μg/g in UC patients and from 2.0 to 6,911.8 μg/g in CD patients. Several factors, including disease activity, disease extent, complications, comorbidity, age, and error of measurement by ELISA, affect FCP levels. One possible reason for these results is that the FCP level may be partly associated with the IBD disease extent, regardless of the disease severity. 27 Our findings that the median FCP level was 134.6 μg/g in inactive UC patients with E3 (extensive UC), and 50.5 μg/g in patients with other IBD types may support this hypothesis. Objective monitoring, including endoscopic assessment, is essential to optimize treatment. In UC patients, most clinical trials have used the threshold between mucosal healing (MES 0 or 1) and non-mucosal healing (MES 2 or 3) as a guide for treatment. Our FCP measurement was useful for differentiating between mucosal healing and non-mucosal healing (MES 1 vs. MES 2: AUC=0.842). On the other hand, the AUC between MES 0 and 1 was 0.578 (sensitivity=93.8%, specificity=30.0%) in our UC patients. The median FCP values in patients with MES 0, 1, 2, and 3 were 85.1, 127.7, 798.1, and 4,534.8 μg/g, respectively. The slight difference in median FCP levels in MES 0 and 1, and the remarkable dif- 27 (Japanese investigators) reported that FCP levels determined using quantitative ELISA (PhiCal ® , Immundiagnostik, Bensheim, Germany) correlated with both the extent of the affected mucosa and disease severity in UC patients. In the study by Yamaguchi et al.
29
(Japanese investigators), FCP was tested by a fluorescence enzyme immunoassay that differs from our current testing method. A previous study group reported the predictive superiority of monoclonal testing of calprotectin, but their study subjects were Western patients. 32 Aomatsu et al. 33, 34 previously reported FCP levels determined using a monoclonal antibody in pediatric IBD patients. There has been no previous investigation of FCP levels using a monoclonal antibody in adult IBD patients. Li et al. 35 reported that FCP levels were higher in healthy children than in healthy adults. Importantly, the present findings confirm the usefulness of our testing method for FCP by sandwich enzyme immunoassay using a monoclonal antibody in adult Japanese IBD patients. Amcoff et al. 38 recently reported the results of comparison with different FCP assays, 2 ELISA (BÜHLMANN and Immunodiagnostik) and 1 automated fluoroimmunoassay (Phadia). They clearly showed the optimal threshold for discriminating between clinical remission and active disease in IBD is assay specific and especially the BÜHLMANN assay improved compared to the other 2 assays when the cutoff for positive test was increased. Therefore, we thought the FCP assays of BÜHLMANN that we used in the present study has the superiority. IBS is a functional gastrointestinal disorder with a high worldwide population prevalence. Clinical symptoms for IBS patients are abdominal pain or abdominal discomfort, bowel movement irregularities, and abdominal bloating, as well as other somatic, visceral, and psychiatric disorders without organic abnormality. 41 In the current analysis, the difference between the PASG and NASG was not significant with regard to the FCP levels. FCP level may not be useful for distinguishing between IBS and healthy persons without abdominal symptoms, although this is beyond the scope of the current analysis. The median FCP level in the PASG (29.6 μg/g) was low. Thus, assessment of FCP levels may be useful for differential diagnosis between active IBD and IBS among suspected IBD patients. In the present study, the FCP levels in both inactive UC and inactive CD patients were significantly higher than those in HCs.
A limitation of the present study is that we did not evaluate the relationship between FCP levels and clinical outcomes, such as disease progression. And the disease activity of IBD patients recruited in this study was low mainly. However, we think the major part of utilities for FCP measurement in IBD patients are in lower activity phase because we can assess the activity in higher activity phase by the patients' symptoms without FCP measurement. Another limitation is that the number of subjects in our study cohort, especially CD patients, was relatively small for analysis. We did not evaluate the endoscopic score of CD because small number of recruited CD patients could be assessed for the endoscopic score of CD. Larger prospective studies are necessary. In this study, however, the usefulness of measuring FCP levels by our testing method using a monoclonal antibody in adult Japanese IBD patients was well confirmed in a prospective multicenter trial.
In conclusion, our testing method using a monoclonal antibody to measure FCP levels was well validated and could differentiate between patients with IBD and HCs. FCP may be a useful biomarker for objective assessment of disease activity in adult Japanese IBD patients, especially those with UC.
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